12-inch image intensifier)
. We irradiated indicators on the lower surface of Tough Water Phantom WE type (Kyoto Kagaku Co, Ltd, Kyoto, Japan) with 20.0-cm thickness, and the doses were calibrated with an ionization chamber (Radcal Model 9010; Radcal Co, Monrovia, CA, USA). With this indicator, the response was almost linear with the natural logarithm of the dose within 10 Gy. The regression equation was D = exp (DE*×0.0537-1.6894), where D was the absorbed dose (Gy) and DE* was the color difference of the indicator.
In the present study, we evaluated the ESDs of all 56 or 60 points, as well as the maximum ESD and its location. The height, weight, and body mass index of the patients, total fluoroscopic exposure time, total number of cine frames, and the maximal ESDs were compared between the 4 procedure groups (PCI for single-stenosis, single-vessel multiple stenoses, multivessel stenoses, and CTO). The Kruskal-Wallis H test was used for statistical analysis. Dunn tests were used as the post tests following the H test. P<0.05 was considered to represent a statistically significant result.
We analyzed the relationships between the total fluoroscopic time and maximal ESD, and the total number of cine frames and maximal ESD by means of the Pearson correlation coefficient (r 2 ).
Results
For 97 procedures, the total fluoroscopic time was 21.3±13.6 min and the total number of cine frames was 2,564±1,518 ( Table 1) . The average maximum ESD of each patient was 2.0±1.6 Gy. The maximum ESD exceeded 1 Gy in 75 procedures, 3 Gy in 16 procedures, and 5 Gy in 6 procedures (Fig 2) .
In 48 procedures for single-stenosis (39 stenting, 5 cutting, and 3 plain old balloon angioplasty), the average total fluoroscopic time was 14.6±8.0 min and the average total number of cine frames was 1,851±594. The average maximum ESD of each patient was 1.4±0.9 Gy (median, 1.2 Gy).
In 22 procedures for single-vessel multiple stenoses (21 stenting and 1 cutting), the average total fluoroscopic time was 20.8±10.4 min and the average total number of cine frames was 2,512±1,137. The average maximum ESD of each patient was 1.8±1.0 Gy (median, 1.5 Gy). In 14 procedures for multivessel stenoses (13 stenting and 1 cutting), the average total fluoroscopic time was 25.1±8.0 min and the average total number of cine frames was 3,050±804. The average maximum ESD of each patient was 2.3±0.7 Gy (median, 2.4 Gy).
In 13 procedures for CTO (8 stenting, 1 rotational atherectomy, and 4 failures), the average total fluoroscopic time was 42.6±17.0 min and the average total number of cine frames was 4,763±2,558. The average maximum ESD of the patients was 4.5±2.8 Gy (median, 4.6 Gy).
To evaluate the inter-procedure distribution of the ESDs in the 97 procedures, we summarized the point with the maximal ESD in each procedure (Fig 3) and found that maximal ESD was distributed among 33 points.
There were no significant differences in the height, weight, or body mass index of the patients in the 4 groups of PCI procedures (Table 1) , but there were significant differences in total fluoroscopic exposure time, total number of digital subtraction angiography frames, and the maximum ESD (p<0.0001) in H tests.
There were significant correlations between the total fluoroscopic time and maximal ESD (r 2 =0.738, p<0.0001) (Fig 4) , and the total number of cine frames and maximal ESD (r 2 =0.487, p<0.0001) (Fig 5) .
Discussion
Radiation skin injuries have increased with the increased use of PCI. Early transient erythema, permanent epilation, and delayed dermal necrosis can occur at 2 Gy, 7 Gy, and 12 Gy, respectively. 18, 19 The International Commission on Radiological Protection (ICRP) recommended recording the maximum skin dose and its location when the maximum cumulative skin dose is thought to be 3 Gy or more (1 Gy or more in repeated cases). 19 Furthermore, when the presumed skin dose is 3 Gy or more, the ICRP recommends that a medical examination should be performed 10-14 days after the procedure in order to check for any effects on the skin. In addition, patients should be informed about radiation injury before they give their consent for a procedure with possible high-radiation dose exposure. In the present study, the average maximal ESD during procedures for single-stenosis was 1.4±0.9 Gy, which agrees with the findings of Hwang et al who reported that the mean skin dose of 25 single-stent cases was 1,529± 601 mGy. 20 Of the present 97 PCI procedures, the maximal ESDs exceeded 1 Gy and 3 Gy in 75 and 16 procedures, respectively. The exposure dose is affected by the type of angiographic unit, the mode of operation for fluoroscopy and image acquisition, and the protocols used for the PCI procedures. Therefore, the present results cannot be applied to PCI procedures performed at other institutions, but serve as a reminder that it is important to know the dose rate of fluoroscopy, the dose per cine frame, and the patients' skin dose during standard operating procedures. 19 The average total fluoroscopic time, average total number of cine frames and average ESD during the procedure for CTO were approximately 3-fold greater than those during the procedure for single-stenosis. Furthermore, the maximum ESDs during the procedure for CTO exceeded 5 Gy in 6 of the 13 procedures. Therefore, it is essential to evaluate the patients' skin dose and make efforts to prevent radiation skin injuries during PCI for CTO. According to Ge et al, 7 the initial success rate of procedures for CTO is 83.9%, but in the present study 4 of 13 procedures for CTO failed and so the repeat procedure for the same lesion is not uncommon. In addition, the restenosis rate is not low, reportedly 9.2% and 33.3% for sirolimus-eluting stent and bare metal stent, respectively. 7 According to Buller et al, 8 the rates of percutaneous revascularization for the target vessel and any vessels during 6-month follow-up after stenting for CTO were 6.9% and 12.4%, respectively. Therefore, reduction of the cumulative dose in the same area of skin during repeat procedures is important in PCI for CTO, in addition to reducing the patient's skin dose during each procedure.
Ionizing chambers are widely used to assess the radiation exposure, [21] [22] [23] and most of the more recent angiographic systems have built-in ionizing chambers. However, the dosearea product does not give the patient's skin exposure, because it does not take into account skin exposure site and scattered radiation. In PCI, the X-ray beam can enter the patient from many directions, and it is not easy to evaluate the distribution of the patient's skin dose. In contrast, our method with multiple indicators at 7-cm intervals can show both the patient's skin dose and its distribution, 17 which will help reduce the cumulative dose in the same area during repeat procedures. Before the cumulative skin dose approaches the threshold of severe radiation injuries, it can be reduced by marking that area of skin with a radiopaque material and excluding the marker from the irradiation field.
Conclusion
Skin injury can be induced in PCI, especially for CTO, and it is important to estimate the patient's ESD and make efforts to reduce it.
